General Information. Commercial reagents were purified prior to use following the guidelines of Perrin and Armarego. 1 All solvents were purified according to the method of Grubbs. 2 Non-aqueous reagents were transferred under nitrogen via syringe or cannula. Organic solutions were concentrated under reduced pressure on a Büchi rotary evaporator using an icewater bath for volatile samples. Chromatographic purification of products was accomplished using forced-flow chromatography on ICN 60 32-64 mesh silica gel 63 according to the method of Still. 3 Thin-layer chromatography (TLC) was performed on EM Reagents 0.25 mm silica gel 60-F plates. Visualization of the developed chromatogram was performed by fluorescence quenching or by anisaldehyde, ceric ammonium molybdate, or KMnO 4 stain. 1 H and 13 C NMR spectra were recorded on a Mercury 300 (300 MHz and 75 MHz) or an Inova 500 (500 MHz and 125 MHz) as noted, and are internally referenced to residual protio solvent signals. Data for 1 H NMR are reported as follows: chemical shift (d ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), integration, coupling constant (Hz) and assignment. Data for 13 C NMR are reported in terms of chemical shift (d ppm) for non-13 C labeled carbons or chemical shift (d ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant (Hz) and assignment for 13 C labeled carbons. IR spectra were recorded on a Perkin Elmer Paragon 1000 spectrometer and are reported in terms of frequency of absorption (cm -1 ). Mass spectra were obtained from the California Institute of Technology Mass Spectral facility. Gas liquid chromatography (GLC) was performed on Hewlett-Packard 6850 and 6890 Series gas chromatographs equipped with a split-mode capillary 1 Perrin, D. D.; Armarego, W. L. F. Purification of Laboratory Chemicals; 3 rd ed., Pergamon Press, Oxford, 1988. 2 Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers, F. J. Organometallics 1996, 15, 1518. Science Supporting Information S 2 injection system and flame ionization detectors using a J&W Scientific DB-1701 (30 m x 0.25 mm) column as noted. High performance liquid chromatography (HPLC) was performed on Hewlett-Packard 1100 Series chromatographs using a Chiralcel OD-H column (25 cm) and OD-H guard (5 cm) as noted. Preparation of Aldehyde Enolsilanes (Z)-Acetic acid 2-(trimethylsilanyloxy)-vinyl ester. (7) Acetoxyacetaldehyde 4 (4.13 mL, 49.0 mmol) was added in a single portion to a room temperature solution of chlorotrimethylsilane (12.43 mL, 98.0 mmol), triethylamine (27.31 mL, 195.9 mmol), and acetonitrile (100 mL). In less than five minutes, the solution became a hot white suspension that turned into a rust-colored suspension within fifteen minutes. Volatiles were removed in vacuo and the residue was extracted with three 50 mL portions of anhydrous diethyl ether. Distillation of the ethereal extracts afforded the title compound (6.13 g, 35.2 mmol, b.p. 64 °C (10 mmHg), 9:1 Z:E) in 72% yield as a clear, colorless liquid. H NMR (300 MHz, CDCl 3 ) Z isomer: d 6.56 (d, 1H, J = 3.3 Hz, CHOTMS); 5.77 (d, 1H, J = 3.3 Hz, CHOAc); 2.16 (s, 3H, C(O)CH 3 ); 0.23 (s, 9H, Si(CH 3 ) 3 ); E isomer: d 7.11 (d, 1H, J = 10.5 Hz, CHOTMS); 6.66 (d, 1H, J = 10.5 Hz, CHOAc); 2.10 (s, 3H, C(O)CH 3 ); 0.20 (s, 9H, Si(CH 3 ) 3 ); 13 C NMR (75 MHz, CDCl 3 ) Z isomer: d 168.2, 127.2, 121.2, 21.2, 0.0; HRMS (FAB+) exact mass calcd for [M + H] + (C 7 H 15 O 3 Si) requires m/z 175.0791, found m/z 175.0788. The product ratios were determined by both 1 H NMR integrations and GLC analysis using a J&W Scientific DB-1701 column (50 ºC ramp 5 °C/min, 23 psi); Z isomer t r = 10.46 min, E isomer t r = 10.83 min.
of anhydrous diethyl ether. Distillation of the ethereal extracts afforded the title compound (5.68 g, 25.5 mmol, b.p. 92 °C (0.08 mmHg), 12:1 Z:E) in 77% yield as a clear, colorless liquid. IR (film) 3034, 2959, 2901, 2872, 1667, 1497, 1455, 1397, 1362, 1298, 1252, 1129, 1026, 846.7, 734 .0, 696.7 cm -1 ; 1 H NMR (300 MHz, CDCl 3 ) d 7.33 (m, 5H, Ph-H); 5.49 (d, 1H, J = 3.3 Hz, CHOTMS); 5.44 (d, 1H, J = 3.3 Hz, CHOBn); 4.81 (s, 2H, PhCH 2 ); 0.21 (s, 9H, Si(CH 3 ) 3 ); 13 C NMR (75 MHz, CDCl 3 ) d 137. 7, 131.0, 128.6, 128.0, 127.7, 122.7, 74.1, HRMS (FAB+) exact mass calcd for [M + H] + (C 12 added in a single portion as a solution in 10 mL of acetonitrile to a room temperature solution of chlorotrimethylsilane (4.78 mL, 37.7 mmol), triethylamine (10.51 mL, 75.4 mmol), and acetonitrile (30 mL) . In less than five minutes, the solution became a hot white suspension that turned into a rust-colored suspension within fifteen minutes. After stirring for 3 hours, volatiles were removed in vacuo and the residue was extracted with three 50 mL portions of anhydrous diethyl ether. Distillation of the ethereal extracts afforded the title compound (3.67 g, 12.1 mmol, b.p. 66-68 °C, 0.25 mmHg, 13:1 Z:E) in 64% yield as a clear, colorless liquid. IR (film) 2977, 1709, 1689, 1482, 1392, 1367, 1313, 1251, 1170, 1086, 847.7, 784.3, 755 .6 cm -1 ; 1 H NMR (500 MHz, CDCl 3 ) d 5.97 (d, 1H, J = 2.7 Hz, CHOTMS); 5.25 (d, 1H, J = 2.7 Hz, CHN); 1.49 (s, 9H, C(CH 3 ) 3 ); 0.24 (s, 9H, Si(CH 3 ) 3 ); 0.20 (s, 9H, Si(CH 3 ) 3 ); 13 C NMR (125 MHz, CDCl 3 ) d 157. 1, 134.7, 111.4, 80.1, 28.6, 0.74, -0.25 ; HRMS (FAB+) exact mass calcd for [M + H] + (C 13 H 29 NO 3 Si 2 ) requires m/z 303.1686, found m/z 303.1695. The product ratios were determined by 1 H NMR integration of the crude reaction mixture.
(E)-Thioacetic acid S-(4-acetylsulfanyl-but-2-enyl) ester. Potassium thioacetate (10.0 g, 87.6 mmol) was added to a room temperature solution of (E)-1,4-dibromo- 2-butene (8.61 g, 35 .0 mmol) in dimethylformamide (50 mL). After stirring for 3 hours, the suspension was treated with 500 mL 10% NaHCO 3 , extracted with 250 mL ethyl acetate, dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo. Purification of the residue by flash chromatography (4:1 hexanes:ether) afforded the title compound (5.49 g, 26.9 mmol) as a white crystalline solid Science Supporting Information S 4 in 77% yield. IR (film) 3033, 2921, 1690, 1419, 1354, 1228, 1134, 960, 721.2, 683.4, 626.2 cm -1 ; 1 H NMR (300 MHz, CDCl 3 ) d 5.45 (m, 2H, CH=C); 3.30 (dd, 4H, J = 4.5, 1.8 Hz, CH 2 ); 2.14 (s, 6H, C(O)CH 3 ); 13 C NMR (75 MHz, CDCl 3 ) d 194.4, 128.5, 30.9, 30.7; HRMS (EI+) Thioacetic acid S-(2-oxo-ethyl) ester. A stream of ozone was passed through a solution of (E )-thioacetic acid S-(4-acetylsulfanyl-but-2-enyl) ester (5.49 g, 26.9 mmol) in dichloromethane (125 mL) at -78 °C for 1 hour until a light blue color developed. Then, the reaction was treated with methyl sulfide (9.87 mL, 134 mmol) and allowed to warm slowly to room temperature and stirred until a KI/startch paper test was negative, indicating complete decomposition of the ozonide intermediate. Distillation of the reaction mixture afforded the title compound (2.30 g, 19.5 mmol, b.p. 78 °C, 10 mmHg) in 36% yield as a clear, colorless liquid.
A significant amount of decomposition products were observed in the pot residue. IR (film) 2919, 2840, 2725, 1727, 1691, 1356, 1136, 1032, 951.2, 626.4 
(Z)-Thioacetic acid S-[2-(trimethyl-silanyloxy)-vinyl] ester. (Table 1, Entry 3)
Thioacetic acid S- (2-oxo-ethyl) ester (2.20 g, 18.6 mmol) was added in a single portion to a room temperature solution of chlorotrimethylsilane (4.72 mL, 37.2 mmol), triethylamine (10.4 mL, 74.5 mmol), and acetonitrile (40 mL). In less than five minutes, the solution became a hot white suspension that turned into a rust-colored suspension within fifteen minutes. After stirring for 1 hour, volatiles were removed in vacuo and the residue was extracted with three 50 mL portions of anhydrous diethyl ether. Distillation of the ethereal extracts afforded the title compound (2.40 g, 12.6 mmol, 3 mmHg, 3:1 Z:E) in 68% yield as a clear, colorless liquid. IR (film) 3076, 2960, 2901, 1700, 1624, 1419, 1353, 1255, 1227, 1183, 1125, 1083, 956.7, 891.8, 847.6, 754.6, 720.5, 619.3 
Preparation of 13 C-Labeled Sugar Precursors
Acetic acid 1,2-bis-13 C-2-hydroxy-ethyl ester. The title compound was prepared according to the method of Kusumoto et al. 5 Trimethylorthoacetate (2.98 mL, 23.4 mmol) was added to a room temperature stirring solution of 13 C 2 -ethylene glycol (1.00 g, 15.6 mmol), ptoulenesulfonic acid monohydrate (148 mg, 0.78 mmol) and dichloromethane (150 mL). After stirring for 6 minutes, deionized water (422 µL, 23.4 mmol) was added in a single portion. After an additional 6 minutes of stirring, volatiles were removed in vacuo and the residue was passed through a short plug of silica gel with 9:1 diethyl ether:hexanes as eluent to afford the title compound in quantitative yield (1.66 g, 15.6 mmol) as a clear, colorless liquid. IR (film) 3400, 2947, 2870, 1733, 1456, 1380, 1251, 1061, 1036, 950.7, 872.8, 608.9 3032, 2962, 2904, 1756, 1628, 1420, 1375, 1254, 1223, 1168, 1110, 1050, 953.9, 850. (2R, 3R)-1,2,3,4-tetra-13 C-3-Hydroxy-2,4-bis-(triisopropylsilanyloxy)-butyraldehyde.
D-Proline (38.2 mg, 0.33 mmol) was added to a room temperature solution of 1,2-bis- 13 Then, triethylamine (100 µL, 0.72 mmol), 4-dimethylaminopyridine (2.0 mg, 0.02 mmol), and acetic anhydride (50 µL, 0.32 mmol) were added and the resulting suspension was stirred for an additional hour at reflux. Then, the suspension was cooled to room temperature, acidified with 10 mL 1N HCl, extracted with 10 mL ethyl acetate, washed with 10 mL 10% NaHCO 3 , 10 mL brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo. The residue was then purified by flash chromatography (1:1 ethyl acetate:hexanes) to afford a 2:1 mixture of pentaacetates in quantitative yield (10 mg, 0.03 mmol). A comparison of the 1 H and 13 C NMR spectra of the above generated pentaacetates to spectra recorded from commericially available (Aldrich Chemical Company) a-D-glucose pentaacetate and b-D-glucose pentaacetate showed that the major pentaacetate isomer was spectroscopically identical to a-D-glucose pentaacetate and the minor pentaacetate isomer was spectroscopically identical to b-D-glucose pentaacetate. 13 C decoupled) was identical to that reported above for 2-O-acetyl-4,6-bis-O-triisopropylsilyl-a,b-L-glucopyranose. Additional confirmation of the glucose stereochemistry for these two anomeric products is the similarity in 13 C shifts to the unlabeled material above. The isotopic purity of >98% is estimated by the lack of any 13 C-13 C uncoupled resonances in the 13 C NMR spectrum and no observed 13 C-1 H uncoupled resonances in the 1 H NMR spectrum. CH(CH 3 ) 2 ); 13 
2-O-Acetyl

Determination of the Relative and Absolute Stereochemistry of 2-O-Acetyl-4,6-bis-
O-triisopropylsilyl-a-L-mannopyranose by Correlation to a-L-Mannose Pentaacetate.
Triethylamine (20 µL, 0.14 mmol), 4-dimethylaminopyridine (1.0 mg, 0.01 mmol), and acetic anhydride (10 µL, 0.11 mmol) were added to 2-O-acetyl-4,6-bis-O-triisopropylsilyl-a-Lmannopyranose (19.5 mg, 0.036 mmol) dissolved in dichloromethane (360 µL) at 0 °C and allowed to stir for 30 minutes before being moved to room temperature for 3 hours. The reaction was then acidified with 10 mL 1N HCl, extracted with 10 mL ethyl acetate, washed with 10 mL 3445, 2944, 2893, 2867, 1728, 1464, 1374, 1253, 1107, 1060, 883.2, 747.7, 681. confirmation of the mannose stereochemistry is the similarity in 13 C shifts to the unlabeled material above. The isotopic purity of >98% is estimated by the lack of any 13 C-13 C uncoupled resonances in the 13 C NMR spectrum and no observed 13 C-1 H uncoupled resonances in the 1 H NMR spectrum. The combined organics were washed with 100 mL brine, dried over anhydrous Na 2 SO 4 and concentrated in vacuo. Crude 1 H NMR analysis indicated complete conversion to a >19:1 mixture of allose:mannose derived diastereomers as well as some minor acetal side-products. After being allowed to stir for 1 hour at 0 °C, the solution was warmed to room temperature over the course of 1 hour. Then, the solution was heated to reflux for 5 hours with the addition of an additional 34 µL of triethylamine and 17 µL of acetic anhydride. The reaction was then acidified with 10 mL 1N HCl, extracted with 10 mL ethyl acetate, washed with 10 mL 10% NaHCO 3 , 10 mL brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo. The residue was purified by flash chromatography (7:3 hexanes:ether) to afford the faster eluting b-anomer (7.7 mg, 0.01 mmol, 21%) as well as the slower eluting a-anomer (25 mg, 0.04 mmol, 67%) and an additional mixed fraction (4.8 mg, 0.01 mmol, 13%). The isolated triacetates were separately dissolved in THF (500 µL) along with tetrabutylammonium fluoride hydrate (4 equiv.) and acetic acid (4 equiv.) and heated to reflux for 3 hours. Then, triethylamine (100 µL, 0.72 mmol), 4-dimethylaminopyridine (2.0 mg, 0.02 mmol), and acetic anhydride (50 µL, 0.32 mmol) were added and the suspension was stirred for an additional hour at reflux. Then, the suspension was cooled to room temperature, acidified with 10 mL 1N HCl, extracted with 10 mL ethyl acetate, washed with 10 mL 10% NaHCO 3 , 10 mL brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo. The residues were then purified by flash chromatography ( Flash chromatography (2:3 ether:hexanes) afforded the title compound as a clear, colorless oil (269 mg, 0.50 mmol, stains light green in anisaldehyde, 2:1 a:b, 87%). IR (film) 3429, 2944, 2893, 2868, 1645, 1464, 1372, 1240, 1118, 1040, 883.2, 682. confirmation of the allose stereochemistry for these two anomeric products is the similarity in 13 C shifts to the unlabeled material above. The isotopic purity of >98% is estimated by the lack of any 13 C-13 C uncoupled resonances in the 13 C NMR spectrum and no observed 13 C-1 H uncoupled resonances in the 1 H NMR spectrum.
2-O-Acetyl
2-O-Benzyl-4,6-bis-O-triisopropylsilyl-a-L-allopyranose. (14)
In an inert atmosphere glove-box, a 25 mL flame-dried flask was charged with titanium (IV) chloride tetrahydrofuran complex (1:2) (386 mg, 1.16 mmol) and a magnetic stirbar. After being removed from the glove-box and placed under an argon atmosphere, 4.6 mL of dichloromethane was added and the solution was cooled to -78 °C. Then, (Z)-acetic acid 2-(trimethyl-silanyloxy)-vinyl ester (308 mg, 1.39 mmol) was added dropwise followed by a solution of (2S, 3S)-3-hydroxy-2,3-bis- Triethylamine (10 equiv.), 4-dimethylaminopyridine (0.1 equiv.), and acetic anhydride (5 equiv.) were added to 2-O-benzyl-4,6-bis-O-triisopropylsilyl-a-L-allopyranose dissolved in dichloromethane at 0 °C and allowed to stir for 30 minutes before being moved to room temperature for 1 hour. Then, the solution was heated to reflux for 5 hours. The reaction was then acidified with 10 mL 1N HCl, extracted with 10 mL ethyl acetate, washed with 10 mL 10% NaHCO 3 , 10 mL brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo. The crude diacetate was subjected to hydrogenolysis (50 psi H 2 , 1:1 THF:EtOAc, 5 mg 10% Pd/C), followed by treatment with THF (500 µL) along with tetrabutylammonium fluoride hydrate (4 equiv.) and acetic acid (4 equiv.) and heated to reflux for 3 hours. Then, triethylamine (100 µL, 0.72 mmol), 4-dimethylaminopyridine (2.0 mg, 0.02 mmol), and acetic anhydride (50 µL, 0.32 mmol) were added and stirred for an additional hour at reflux. Then, the solution was cooled to room temperature, acidified with 10 mL 1N HCl, extracted with 10 mL ethyl acetate, washed with 10 mL 10% NaHCO 3 , 10 mL brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo. The residue was then purified by flash chromatography (2:3 ethyl acetate:hexanes). A comparison of the 1 H and 13 C NMR spectra of the above generated pentaacetate to spectra recorded from an authentic samples of a-D-allose pentaacetate prepared by the methods of Sims et al. 14 showed that the a-pentaacetate isomer was spectroscopically identical to a-D-allose pentaacetate.
diacetate was subjected to tetrabutylammonium fluoride hydrate (62 mg, 0.24 mmol) and acetic acid (13.5 µL, 0.24 mmol) in THF (120 µL) at reflux for 4 hours. Then, triethylamine (100 µL, 0.72 mmol), 4-dimethylaminopyridine (2.0 mg, 0.02 mmol), and acetic anhydride (50 µL, 0.32 mmol) were added and stirred for an additional hour at reflux. Then, the solution was cooled to room temperature, acidified with 10 mL 1N HCl, extracted with 10 mL ethyl acetate, washed with 10 mL 10% NaHCO 3 , 10 mL brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo. The crude tetraacetate was then dissolved in 5:1 dichloromethane:trifluoroacetic acid (1.0 mL) and stirred for 5 hours at room temperature. Then, the reaction was basified with 10 mL NaHCO 3 , extracted with ethyl acetate (3x10 mL), dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo. Then, the residue was dissolved in 200 µL of dichloromethane and triethylamine (100 µL, 0.72 mmol), 4-dimethylaminopyridine (2.0 mg, 0.02 mmol), and acetic anhydride (50 µL, 0.32 mmol) were added and the resulting solution was stirred for 5 hours at room temperature. The reaction was then acidified with 10 mL 1N HCl, extracted with 10 mL ethyl acetate, washed with 10 mL 10% NaHCO 3 , 10 mL brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo. Purification by flash chromatography (3:1 ethyl acetate:hexanes) afforded a single a-pentaacetate isomer (7.8 mg, 0.020 mmol) in 35% overall yield. A comparison of the 1 H and 13 C NMR spectra of the above generated pentaacetate to an authentic sample of a-D-mannosamine pentaacetate generated by the method of O'Niel 15 showed the two samples to be identical.
2-Deoxy-2-acetylmercapto-4,6-bis-O-triisopropylsilyl-a-L-allopyranose. (16)
In an inert atmosphere glove-box, a 2 dram flame-dried vial was charged with titanium (IV) chloride tetrahydrofuran complex (1:2) (231 mg, 0.69 mmol) and a magnetic stirbar. After removing the sealed vial from the glove-box and placing it under an argon atmosphere, 2.3 mL of dichloromethane was added and the solution was cooled to -20 °C. Then, a solution of (2S, 3S)-3-hydroxy-2,3-bis-triisopropylsilanoxy-propionaldehyde (100 mg, 0.23 mmol) in 2.3 mL of dichloromethane was added follwed by dropwise addition of (Z)-thioacetic acid S- [2-(trimethylsilanyloxy) -vinyl] ester (231 mg, 1.16 mmol, 3:1 Z:E). After 16 hours at -20 °C, an additional 100 mg of the enolsilane was added and the solution was stirred for an additional 34 hours. The reaction was then acidified by the addition of 100 mL saturated aqueous NH 4 Cl, extracted with 15 O'Neill Can.J.Chem. 1959 , 37, 1747 
